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Abstract:  The  circuit  and  collector  designs  for  a 
high-average  power  S-band  multiple-beam  klystron 
are  presented.  The  klystron  will  be  powered  by  the 
recently  completed  41.6  A,  42  kV,  18-beam  electron 
gun.  A  compact  circuit  yielding  680-kW  peak  power 
and  13%  1-dB  bandwidth  has  been  designed.  Design 
of  a  high-average  power  compatible  collector  for  the 
klystron  is  also  presented.  Key  issues  such  as  collec¬ 
tor  power  loading  and  particle  reflections  due  to 
time-dependent  virtual  cathode  formation  set  up  by 
the  spent  (bunched)  beam  in  the  collector  are  ad¬ 
dressed. 

Keywords:  Multiple  beam;  S-band;  electron  gun; 
Klystron;  collector;  MBK. 

Introduction 

Fundamental-mode  multiple-beam  klystrons  (MBK) 
offer  the  potential  for  high-power  broadband  amplifica¬ 
tion  at  low  beam  voltage  in  a  compact  circuit.  This  is 
the  impetus  for  our  MBK  research  and  development 
effort.  Our  first  MBK  [1]  was  powered  by  a  45  kV,  32 
A,  eight-beam,  electron  gun  [2],  and  the  objective  was 
to  demonstrate  beam  generation  and  transport  with  and 
without  RF.  This  narrow-band  (-2%)  600-kW  tube  was 
successfully  tested  at  the  Naval  Research  Laboratory 
(NRL)  [3].  Recently,  a  second  MBK  [4]  also  driven  by 
the  eight-beam  gun  was  tested  at  NRL  [5].  The  techni¬ 
cal  objective  of  this  MBK  was  to  test  our  multi-gap 
MBK  circuit  design  methodology  to  extend  bandwidth 
while  maintaining  peak  power  output.  Initial  test  results 
show  600-kW  peak  RF  output  power  and  a  3-dB  band¬ 
width  -  6  %,  and  the  MBK  is  also  stable  against  spuri¬ 
ous  oscillations  [5]. 

The  MBK  design  described  in  this  paper  is  built  on  the 
knowledge  and  experience  gained  from  previous  eight- 
beam  MBKs.  However,  this  third  MBK  will  be  powered 
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by  the  recently  developed  eighteen  beam  electron  gun. 
This  high-repetition  rate  (mod-anode  pulsed)  gun  will 
provide  a  peak  beam  current  of  41.6  A  at  the  nominal 
operating  voltage  of  42  kV  [6].  The  higher  beam  current 
available  from  this  gun  permits  an  extension  of  the 
power-bandwidth  product. 

Circuit  Design 

The  circuit  design  was  performed  using  the  particle- 
in-cell  code  MAGIC-3D  [7].  Beam  parameters  from 
our  18-beam  gun  design  are  employed  in  the  design 
simulations.  The  circuit  is  comprised  of  seven  cavities 
in  a  total  length  of  ~23  cm.  All  two-gap  cavities  oper¬ 
ate  in  the  Ti-mode  with  the  same  gap-to-gap  coupling 
approach  as  used  in  our  previous  broadband  8 -beam 
design  [4]. 

The  filter-loaded  two-gap  output  cavity  permits 
broadband  and  efficient  RF  power  coupling  from  the 
bunched  electron  beam.  In  addition,  the  interaction 
impedance  across  the  band  can  be  tailored  to  compen¬ 
sate  for  any  frequency-dependence  of  the  beam  gain 
current.  This  flexibility  was  used  to  produce  the  MBK 
frequency  response  shown  in  Figure  1 


Releative  Frequency  (%) 

Figure  1:  Frequency  response  of  the  circuit  at  250-W  of 
input  power 

Collector  Design 

The  high-average  power  compatible  collector  design 
was  performed  using  the  3-D  gun  and  collector  code 
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MICHELLE  [8]  and  the  magnet  code  MAXWELL-3D 
[9].  The  magnetic  field  profile  from  the  magnet  design 
was  imported  into  MICHELLE  from  MAXWELL-3D. 
The  collector  shape  and  magnetic  field  profile  were  de¬ 
signed  in  tandem  to  properly  spread  out  the  beamlets  to 
ensure  that  the  collector  power  loading  is  within  the 
limit  of  current  cooling  technology.  Shown  in  Figure  2 
is  the  power  deposition  on  the  collector  surface  for  the 
full-energy  beam.  The  discrete  nature  of  beamlet  power 
deposition  on  the  collector  can  be  clearly  seen.  At  the 
desired  operating  duty  cycle,  the  maximum  power  load¬ 
ing  is  approximately  250  W/cm2,  well  within  available 
cooling  limit. 


Figure  2:  Power  loading  on  18-beam  collector  surface 
at  full  beam  energy  of  42  kV. 

In  the  spent-beam  case,  the  beam  phase-space  informa¬ 
tion  was  imported  into  MICHELLE  from  MAGIC-3D. 
Of  particular  import  here  is  the  optimization  of  the  col¬ 
lector  geometry  near  the  entrance  to  minimize  low- 
energy  electron  reflections  caused  by  the  virtual  cathode 
(formed  by  collective  space-charge  depression).  For  this 
high-perveance  fundamental-mode  MBK  collector  de¬ 
sign,  particular  attention  was  paid  not  only  on  the  en¬ 
ergy  spectrum  of  the  spent  beam  but  also  on  the  time- 
dependent  nature  of  the  bunched  beam  upon  entering 
the  collector.  Figure  3  illustrates  the  current  shape  of  a 
single  bunch  of  the  spent-beam,  which  shows  the  peak 
RF  current  can  be  a  factor  of  six  times  higher  than  the 
average  beam  current. 

This  time-dependent  behavior,  if  not  properly  taken  into 
account,  can  lead  to  substantial  and  unexpected  particle 
reflections,  since  the  depth  of  the  depression  is  function 
of  the  peak  RF  beam  current.  The  time-dependent 
solver  in  MICHELLE  was  employed  to  model  and  con¬ 
firm  this  scenario.  Based  on  the  MICHELLE  model,  we 
have  incorporated  into  the  collector  design  a  feature  to 
eliminate  particle  reflections  due  to  virtual  cathode  for¬ 
mation.  This  feature  will  be  presented  and  discussed. 
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Figure  3:  Beam  RF  current  profile  in  a  single  period  of 

the  spent  beam  near  saturation  (average  beam  current 
of  41 .6  A  is  also  shown). 
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